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Techniques desaribad here_m could conceivably be used in developing
methods for blologital warfare,/

Symbiosis of viruses sni microbee was stuiied in our latoratory duriag
1932 = 1937, The resulte of our investigations 1nduced further work on the
subject elsevhere, Aj Prepeat, o tonsideradble amount of data iz tuis field
bas been ac:umuiated by a8 aad cther authore.

The reaults obtained in the course of this work suggest that viruvses are
not only adgorted by basteria and other microorganisms, hok algo maltiply in
the cells of the becteris by whi.h they are adsorbed. Experiments to verify
this were carried out by us and other workers oa viruges of vaceinias, smallpox
of birds (Variola avium), messles, herpes, rabies, equine encephalomyelitis,
swine cholera, and the foot ard mouth dizesse,

We obtalned symbiotic sultures of 7accinia and Toruls kephir yeast, which
retained their virus activity after being reseeded many times {one of them 120
times), These cwltures ~an be used to infect rabpits ard guinea pigs. Immmity
to smallpox 1a established in these animals after the infection, but this im-
munity is not very atromg or lesting. The virulence of vascinia in yeast
cultures drope after a while buv can be restored by passing the virus through
an anima]l. Cultures of this type were geat TY uz %0 the following tastitutes
and were paintained ty them: ~<ortiss Inasicaze tmemt I, A, Termeevick ths
Central Insvituse of Fpidemifolsgy sad Mizrobialogy, and the Mechmtkaw Ingei-
tite ac apax‘kov,
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Similar experimers on vaccinia vere conducted by other investigators
(Ye. Gi1 'guty 1935; M, Korol'kova, 1935; Izebolinskiy, Levtsov, and Che s
1935; Timakov, 1935), Sysblotic cultures of this vi.us with staphylococe!
and sarcinae were obtained,

V. Tul *ehinskaya {1936) developed cultures of Variola avium or Torula
kephir which were active up to the lhth generation,

Work on artifica) cultures of rabieg vith yeast did not lead to any posltive
results vhich could be confirmed, but some success was reported by at least cne
&roup (Rozengol'ts and Karnaukhova, 1934) in breparing a culture of rabics with
Micr. lysodeicticus,

Of great interest ig the work done by S. Minervin anma Ye, Rapoport (1936)
on symbioti: rabies bacteria cultures which develop under natural conditions.
They cult.vated on blood agar Mcrootmm"bbtntﬁed‘;’.’romithe-'ora.lrregim“&r
dogs which died of rabies and iafected rabbits subdurally with 5.10 bacterial
bodies taken from the bouilicn culture grown for 3-5 days (up to the Tth gener-
ation). After ineubation, which continued for 9.60 days, the animals developed
typical cases of experimental rabies, P’urthermore, the disease could be passed
repeatedly from ope rabbit to another, The organs and blood of the digseaged
rabbits remained bacteriologically sterile, The investigators d1d not Ob~
serve typical Negri bodies in the brains of the dizeased animele » but es.
teblished the Presence of formations similar to thege bodies. The best re-
8ults in the experiments in queatign were obtailned with a certain gram-positive
bacillus and a streptoconcys.,

Synbiosis of the type entountered 1n the case of rabies virus does not
necesgsarily imply complete preservation of all biological Properties of the
virus during gywbiosis, The principel effect ig épparently that the virus is
preserved in a bacterial culture under conditions which woula Preclude its
survival otherwige,

In the case of a virus like thay of tick encephalivis, which affects the
central pervous system and by-pagses honsterile organs and tissues of the
animal organism, symbiosis is Possible only with bacteria 1living in the body
of the tick. It would ve of intereat to investigate the virus of tick enceph.
alitis from this standpoint,

M. Grundfeat (1934} obtaines Positive results with herpes-Toruia kephir
eultures,

Syrbictic cultureg of the virus of hog cholera were studied by Likhachev
(1937). Basing his work on the faect that enterococel and sarcipas are most
often isolated from the blood of hogs suffering from cholera, Likhachev ;. ,.
tempted to breed symbiotil. cultures of the virus of hog chelera on “hege
bacteria. He found that the fifth, tenth, and 21st generatior of such
cultures produced hog cholera in young jy.igs. Furthermore, the disease could
be transmitted by injecting the blood of animals which hal been infected into
other animals » Or by keeping healthy pigs next to the infected Pigs. Immunity
tc hog cholera was not established by the injection of a 2lst generation cultwure
(the ninth and tenth generation were not tested ag fay as their power to confer
immunity 1s concerned), Cultures of eaterococe1 or sareinae without hog cholera
virus 4id not produce any rathological symptoms in young pigs.

Interesting results were obtaincd uu symbintsc tultures o2 the virug of
foot and mouth diseage 1n ¥orX started ag early as 1933 %Y L A 71l hen and
T2, T, Tostrirhows #Bils atiemrez e 3rEed symbrotic cilpuvresg of this virus

YT 212 gon guscesd, Ts T, Teetrukhova wee able ©3 isolate from
€ paws of guines pigs infected ¥ith foot and mouth disease a 8lowly groving
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streptococcus which definitely was established to be & virus carrier. The .
symbiotic cwlture on this streptococcus infected guinea plgs vith foot and T
mouth disease up to the ninth generation of the culture. On the other hand,
reseeding the virus without bacteris did not keep 1t alive later than the
third genera*ion. The work was not continued beyond this point, apnd the re-
sults were never published.

In 1936, in Germany, X, Poppe and G. Busch developed cultures of foot
and mouth disease virus on several species of yeasts. The ecultures Prepared
by them were reportedly active up to the 60th gereration.

Although the causative factor of typhus 1s a rickettsia rather thun an
ultravirus, 1t behaves similarly to viruses in that it is g cell parasiie
and cannot propsgate on artificial nutritive media. It also shares with ultra-
viruses the property or teing adsorbed on microbes and entering into symbiosis
vith them. The fact that rickettsiae can exist only as cell parasites must
have contributed to thefir adaptation as far as aymbioais with mierobes in-
variably fousd in the intestine of lice 18 :zoncermed, We , and later Minervin
(1935), established that the causative factor of typhus forms symbiotie cultures
with Proteus vulgaris {tncluding Proteus X197, ard that 1t modifies the prop-
erties of Proteus. R. Gel'tser and S. Nemsgilov {1934} cultivated the causative
factor of typhus, obtained from the blood of diseased persons, on Sacharomyces
cerevisae and Torula kephir. These eymblotic cultures proved to be suitsble
for the production of immune sers by the irection of horses, calves, or rams.
Further resulte on symblotic tultures of typhus rickettsis vere obtained by
A. Yakovlev {1934}, G. Xalina and M. Danishevskaya (1933), K. Tokarevieh wnd
K. Byacho (1935), Ye. laevioricn (1934}, A. Afenas‘yeva and ¥. Strekhova (1934),
V. Eltn, E. Frelman, apa K. u-ean (+%35), M. Gnutenko apd ¥, Friauf (1935),
A, eyets, et al, (1936}, S. Minervin, B. 211'berman, and V. Gebril'skiy
. (1936}, ete. These investigators uced sarcinae; kephir, bread, and beer yeast;
proteuws; and bacteria igol=ted from the intestire of lice. Some of the results
obtained by them were Positive, and others vere negative. Minervin and his
group (1936) 1solated from the intestize of lice taken from typhus patients
bacterial cultures which Produced typhus on being injected subcutaneously into
R guinea pigs. In some cases the disease could he passed through the brain of
guinea pigs, while the brain remained bacteriologically sterila. Subsequently,
Zil'berman ard Gedoril skiy (1938) reported that the fourth asd sixth gener-
ations of tyrhux riskettsiame cultures on bacteria isolated from the intestine
of lice d1d not exhibit the bresence of the causative factor of typhus when
attempis were made to infect guipea pigs with these cultures. 211 berman and
Gebril‘skiy's attempts to cnltivate the causative factor of typhus on Proteus
vulgaris, Yyeasts, and sarcinac were also unsuccessful according to their re-
N port. They found, furtnermore, that some strains of Proteus vulgartis which
bad been in iontact with the blood of typhus patients acquired the capacity
of being aggiutinated by ‘he serum of rabbits immunized with Xj9; also that
the carrier microorganism alone, In gome tases, produced pathogenic phenomena
in guinea pigs.

In evaluating these resulte, one must realize that all authors who studied
symbiotic auwltures of typhus compared the properties of these zultures with
those of a pure sulture of the tausative factor of typhus whish had been thor-
oughly adapted to guinea piges. W-turally, symbiotic sultures cannot be expected
to exhibit to a full extent the p-operties of a pure cuiture. On the vwhole,
it seems to e established tha: the carrier microorganiems are hermless, while
their symbiotisz cultures produned symproms whish are TTpiial yohus,
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carrier bactaria vonld pemiaz : Por -=sTazce, ou felng Xept IIr many months in
a constant temperature closet ],
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The data cited above show convi ncingly that symbiosis between viruses and
mierobes exists. The phencmenon 1n question has been very aptly named viro-
phoria, Data have heen published by A, Yakovlev (1) and othere which indicate
that viruses survive in a mediwm ropulated by microbes without entering into
any ¢loge contact with them, Apparently some microbes may produce substances
vhich aid in the survival of viruses. Other types of synmbiosis, besides viro-
rhoria, also probably exist. The similarity between virophoria and bacteriophagy
is apparent: the basteriophages, which are very similar to viruses, may have
evolved from viruses existing in symblosis with bacteria. This theory may be
tested experimentally. If, for instance, we assume that typhoid bacteriophage
has originated from a virophorous strain of an ancestor of the present typhoid
bacillus vhich carried a virus baving affinuity to cells of the intestine, some
of this affinity for intestinal cells must have been preserved in typhoid bacter-
lophage. A study of this and similar problems.may help in developing better
methods for the use of bacteriophages in the Prophylaxis spd therapy of ine
fectiovs diseasesn.

The following linee of inveatigalior appear promising:

1. One showld investigaie the symbiosis of viruses with bacteria which
occur together with them under natural conditione., Thus, one should study
syubiosis of variola virus with bacteria of the skin and mucous membranes y of
the virus of rabies with bacteris whish oceur in the saliva of dogs, of the
virus of lymphogranclomatosis of the 8roin with skin vacteria, of the virus of
influenza with bacteris of the mowth ard pasopharynx, of the virus of tick
encephalitis with tarteris 1afasting ti:ks, of the virue of sapanege encephalitis
vith bacteria of mosquitoes, etc.

2. Ome ghould sc2dy all forms of sym:tlosie rather than only propagation
of viruses *n symhiotic sultures. From the practical 7iewpoint, capacity of
carrying the virwve whish ig ant neces earily azcompanied by propagatica of the
virus in the microdvial cell appears o be more fmportant.

3. Virophoria as 1t ooiure under netural souditiong shnould be studied
by 1solating ¥irophoris bacter:al cwltures from 4iseased +1ssues.

b, carticular attemiios 2Rowid e peid 15 the preserration of the virus
in virophoric 4wlitures and sondisc icma which contrilute t.0 thie preservation.

5. The capacity of mi rontal culterss to bezome 7irgphoric should be in-
vestigated under ratural corditicns, % e . Sy introducing the microbpial culture
under investigation into the affilcsed tirave mu4 then 1801lating 1t from this
tissue within a few days,

In studying virophoria. ~lose attention ehould be pald to changes which
the carrier micrcde, &8 veli as the vires, wndergo in vizophoric cultures.
For instance, Meysel' {1936 obgerved & rumper of ¢ytological changes to whieh

Yeast 18 sudbjested in ¥irophoric sultures tontalining smallpox virus,

(ne must differentiate petwees Dathogenic effecis produred by the virus
and those which are due to the sarrier tenterivm. For iuetaace, when a viro-
phorie culture of staphylosos:: which carry influenza virus is investigated,

- 1t should be tested on heal*hy mice, mice treated with ant’-1ufluenza virus

serum, and mice trested with astistephylecc::i serem.
] 50X2-WMD

virvseq ars pregerrved lioger tbaa Lz the atseace of carriar @mcrohes, 3 reservolir
of pathogenis virusss ‘¢ mairtained by this means in nature., Symbiosis mmst be
taken into consideration in clarifying the epidemiology of some virus diseases,
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€.8., pollomyelitis. Adsorption of viruses on bacteris is also of disgnostie

inportance. Thus, Sergleyer and his group (2), as well as others, have shown

that bacteria, on adsorption of viruses y may be used for detecting antibodies

to these viruses: agglutination of bacteria losded with the virus in question

takes place under the action of the antibodies, .

A study of the synbiosis of wiruses and microbes would tend to rectify the
errors of investigators who, or isolating carrier microbes in virus diseases 3
assumed that the microbes 1a question are the cauwsative factor of the diseage.
By looking st the photomicrographs with which G. Bosh'yan's book (3) 18 1llus-
trated, oune can resdily see, to mention ome instance, that the microorganisms
referred to as a spherical modification of che cauzative factor of equine in.
fectious avemla are actually yeast, Since yeast cannot produce the disesse in
question; one must apsume that 1% atted in this ~ase as & csrrier of the virus
of infectious anemia.

Fhenowena of symbioeis do not comprise the whole range of relationships
between viruses and microbes :n nature: there may be also antagonisa. The
problem of antagonism acquiree importarnce in connecticn with the recent dis-
eovery that the polysaccharides of some bacteria have an inhibiting sction on
the propagation of certain viruses. Further study of problems in this fiela,
which were firgt fomulsted and investigazed by USSR sclentists, will enrich
seience with kmowledge that 1s both of theoretizal and practisal significance.
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